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Introduction
Interstitial cells of Cajal (ICCs) are the pacemaking cells in the gastrointestinal (GI) muscles that generate the rhythmic oscillations in the membrane potential known as slow waves [1] [2] [3] . Slow waves propagate within ICC networks, are conducted into smooth muscle cells via gap junctions, and initiate phasic contractions by activating Ca 2+ entry through L-type Ca 2+ channels. The pacemaker activity in the murine small intestine is due mainly to periodic activation of nonselective cation channels (NSCC) [4, 5] or Cl − channels [6, 7] . ICCs also mediate or transduce inputs from the enteric nervous system. Therefore, in GI motility research, ICCs are the major tools to study. In these days, many new drugs are developing in the area of GI motility.
From ancient to modern history, traditional plant-based medicines have played an important role in health care. In spite of the great advances of modem scientific medicine, traditional medicine is still the primary form of healing methods readily available to the majority of the people in many countries. In fact many of today's popular drugs have their origins in traditional medicines [8] .
So-Cheong-Ryong-Tang (SCRT), also called Xiao-QingLongTtang or Sho-Seiru-To, contains eight species of medicinal plants and has been a herbal medicine used to treat diseases such as allergic rhinitis and asthma for hundreds 2 The Scientific World Journal of years in Asian countries [9] . However, there were not many attempts to investigate the efficacy of SCRT in digestive systems.
Of the pathways related to intestinal motility, serotonin (5-hydroxytryptamine, 5-HT; a major neuromodulator) is known to play a critical role in the GI tract. Generally, 5-HT acts as a neurotransmitter in the central nervous system, but most (95%) 5-HT is found in the GI tract [10] . Furthermore, although 5-HT is known to interact with seven different 5-HT receptor subtypes, only three of these are found in the ICCs in the murine small intestine [11] . 5-HT can modulate pacemaker activity through 5-HT3, 4, and 7 receptors. In previous study, we suggested that poncirus trifoliate modulates pacemaker potentials through 5-HT 3 and 5-HT 4 receptor-mediated pathways via external Na + and Ca 2+ influx [6] . However, the effects of SCRT and the action mechanism involved in the GI tract are not investigated.
Therefore, we undertook to investigate the effects of the SCRT on the pacemaker potentials of cultured ICCs derived from murine small intestine and to identify the receptors involved.
Materials and Methods

Preparation of Cells and Cell
Cultures. Balb/c mice (3-7 days old) of either sex were anesthetized with ether and killed by cervical dislocation. The small intestines from 1 cm below the pyloric ring to the cecum were removed and opened along the mesenteric border. Luminal contents were removed by washing with Krebs-Ringer bicarbonate solution. The tissues were pinned to the base of a Sylgard dish and the mucosa removed by sharp dissection. Small tissue strips of the intestine muscle (consisting of both circular and longitudinal muscles) were equilibrated in Ca 2+ -free Hanks solution (containing in mmol/L: KCl 5.36, NaCl 125, NaOH 0.34, Na 2 HCO 3 0.44, glucose 10, sucrose 2.9, and HEPES 11) for 30 min. Then, the cells were dispersed using an enzyme solution containing collagenase (Worthington Biochemical Co., Lakewood, NJ, USA) 1.3 mg/mL, bovine serum albumin (Sigma Chemical Co., St. Louis, MO, USA) 2 mg/mL, trypsin inhibitor (Sigma) 2 mg/mL and ATP 0.27 mg/mL. Cells were plated onto sterile glass coverslips coated with murine collagen (2.5 g/mL, Falcon/BD, Franklin Lakes, NJ, USA) in a 35-mm culture dish and then cultured at 37 ∘ C in a 95% O 2 , 50 mL/L CO 2 incubator in a smooth muscle growth medium (Clonetics Corp., San Diego, CA, USA) supplemented with 2% antibiotics/antimycotics (Gibco, Grand Island, NY, USA) and murine stem cell factor (SCF, 5 ng/mL, Sigma). ICCs were identified immunologically with anti-c-kit antibody (phycoerythrin-conjugated rat anti-mouse c-kit monoclonal antibody; eBioscience, San Diego, CA, USA) at a dilution of 1 : 50 for 20 min [7] . ICCs were morphologically distinct from other cell types in the culture and thus it was possible to identify the cells by phase contrast microscopy once they had been verified with anti c-kit antibody.
Patch-Clamp Experiments.
The whole-cell patch-clamp configuration was used to record membrane potentials (current clamp) from cultured ICCs. An axopatch ID (Axon Instruments, Foster, CA, USA) was used to amplify membrane currents and potentials. The command pulse was applied using an IBM-compatible personal computer and pClamp software (version 6.1; Axon Instruments). Data obtained were filtered at 5 kHz and displayed on an oscilloscope, a computer monitor, and using a pen recorder (Gould 2200, Gould, Valley View, OH, USA). Results were analyzed using pClamp and Origin (version 6.0) software. All experiments were performed at 30-32 ∘ C. SCRT was purchased from I-WORLD Pharmaceuticals (South Korea). SCRT is composed of Rhizoma Pinelliae, Herba Ephedrae, Radix Paeoniae, Fructus Schisandrae, Herba Asari, Rhizoma Zingiberis, Ramulus Cinnamomi, and Radix Glycyrrhizae ( Table 1 ). The dosage for adult is 10-15 g (crude materials) per day. More information about SCRT can be found in I-WORLD Pharmaceuticals Homepage (http://i-pharm.koreasme.com/). The SCRT was dissolved with distilled water at the concentration of 0.5 g (crude drug)/mL and stored in refrigerator. All other drugs were obtained from Sigma (Sigma Chemical Co., USA). Drugs were dissolved in distilled water and added to bath solution to make the desired concentrations, just prior to use. Addition
The Scientific World Journal of these chemicals to bath solution did not alter the pH of the solution. U-73122, U-73343, Y25130, RS39604, and SB269970 were dissolved in DMSO for 50 mmol/L stock solution and added to the bathing solution at the day of the experiment. The final concentration of DMSO in the bath solution was always <0.1%, and we confirmed that this concentration of DMSO did not affect the results that were recorded.
Statistics.
All data are expressed as mean ± S.E. Student's -test for unpaired data was used to compare control and experimental groups. The value of less than 0.05 was considered statistically significant.
Results
Effect of SCRT on Pacemaker Potentials in Cultured
ICCs. To understand the relationship between SCRT and pacemaking activity in ICCs, we examined the effects of SCRT on pacemaker potentials. Recording from cultured ICC under current clamp mode ( = 0) showed spontaneous pacemaker potentials. The resting membrane potential was −52.1 ± 2.1 mV, and the amplitude was 20 ± 4 mV. In the presence of SCRT (10-50 mg/mL), the membrane potentials were depolarized to 1.3 ± 0.6 mV at 10 mg/mL, 11.6 ± 1.2 mV at 30 mg/mL, and 20.3 ± 1.5 mV at 50 mg/mL (Figures 1(a)-1(e) ).
The summarized values and bar graph of the SCRT effects on pacemaker potentials are indicated in Figure 1 (e) ( = 4).
Taken together, these results show that SCRT have membrane depolarization effects on ICC.
Identification of SCRT Receptor Subtypes in Cultured
ICCs. To investigate the relationship between SCRT and its receptors, we studied about the 5-HT receptors because 5-HT receptors are known to mediate the motility of GI tract and is of particular interest due to its strong association with potent prokinetic activity, especially the 5-HT receptor subtype 4 (5-HT 4 R) [6, 12] . In the GI tract, the stimulation of 5-HT 4 R in the enteric nervous system results in the release of acetylcholine, which leads to the excitation of smooth muscles in the myenteric plexus, and thus, 5-HT 4 R is regarded a prokinetic [12] . Therefore, we investigated whether the prokinetic action of SCRT involves 5-HT receptors. Previous studies have shown that 5-HT interacts with seven different 5-HT receptor subtypes, but in another study only three (5-HT 3 R, 5-HT 4 R, and 5-HT 7 R) were found in the ICCs of the murine small intestine [6, 11, 13] . To identify the receptor subtypes of 5-HT involved in the effects of SCRT, ICCs were pretreated with various 5-HT receptor antagonists and then treated with SCRT. Y25130 (a 5-HT 3 receptor antagonist), RS39604 (a 5-HT 4 receptor antagonist), and SB269970 (a 5-HT 7 receptor antagonist) were all pretreated at a concentration of 10 M for 5 min, and SCRT was added.
After pretreatment with Y25130, membrane depolarization by SCRT was found to be blocked (Figure 2(b) ); membrane depolarization produced in the presence of Y25130 by MPF was 1.0 ± 0.2 mV ( = 5; Figure 2 (e)). RS39604 also blocked SCRT-induced membrane depolarization, and the membrane depolarization produced in the presence of RS39604 by SCRT was 1.2 ± 0.3 mV ( = 5; Figures 2(c) and 2(e) ). However, pretreatment with SB269970 did not block the effect of SCRT ( = 5; Figures 2(d) and 2(e) ). These results show that SCRT has an effect on ICCs through 5-HT 3 R and 5-HT 4 R. on ICCs (Figure 3(a) ). However, when GDP--S (1 mM) was in the pipette solution, SCRT (30 mg/mL) did not induce the membrane depolarizations (Figure 3(b) ). The membrane depolarizations induced by SCRT were significantly affected by the presence of GDP--S (1 mM) in the pipette solution ( = 4, Figure 3(c) ). These results show that G-protein is involved in SCRT-induced membrane depolarizations on ICCs. Figure 4 show the changes in the 340 nm/380 nm signal ratio. In normal conditions, spontaneous [Ca 2+ ] i oscillations were induced (Figure 4(a) ).
The Involvement of G Protein on SCRT-Induced Depolarizations in
Response of the Intracellular Ca
In the presence of SCRT (10 or 50 mg/mL), [Ca 2+ ] i in ICCs was increased (Figures 4(b) and 4(c) ). These results show that SCRT increase the [Ca 2+ ] i in ICCs.
Effects of Phospholipase C Inhibitor on SCRT-Induced Depolarizations in Pacemaker Potenials in Cultured ICCs.
Since the membrane depolarizations by SCRT was related to intracellular Ca 2+ mobilization, we examined whether the effects on pacemaker potentials require phospholipase C (PLC) activation. To test this possibility, SCRT-induced membrane depolarizations were measured in the absence and presence of U-73122, an active PLC inhibitor [15] . SCRT (30 mg/mL) induced membrane depolarizations on ICCs ( Figure 5(a) ). The pacemaker membrane depolarizations were completely abolished by application of U-73122 (5 M), and under these conditions, SCRT-induced membrane depolarizations were not produced ( = 4; Figure 5(b) ). In the presence of U-73122, the membrane depolarizations produced by SCRT were 1.7 ± 0.6 mV. The value of membrane depolarizations by SCRT was significantly different when compared with SCRT in the absence of U-73122 ( = 4, Figure 5(d) ). The treatment of U-73343 (5 M), an inactive analog of U-73122, had no influence on the pacemaker potentials, and under these conditions, SCRT-induced membrane depolarizations were not suppressed by U-73343 ( Figure 5(c) ). These results show that PLC pathway is involved in SCRT-induced membrane depolarizations on ICCs. 
Involvements of Mitogen-Activated Protein Kinases (MAPKs) in SCRT-Induced Depolarizations in
Discussion
In recent years, there has been much work done in the area of traditional medicinal plants in Korea and many good results or promising leads have been achieved [8] . In GI motility area, ICCs are good research tools to study GI motility and therefore, many labs use ICCs. In this study, we used ICCs and are studying to develop a new GI motility drug. Until now, SCRT was not used to treat GI motility diseases. SCRT has been widely used to treat respiratory disease such as cough and asthma in oriental countries [16] . In this study, we found the potentials of SCRT to treat in GI motility. Because of the central role of ICCs in GI motility, loss of these cells would be extremely detrimental. Research into the biology of ICCs provides exciting new opportunities to understand the etiology of diseases that have long eluded comprehension. Discovering the molecules involved in the generation of pacemaker activity in ICCs may lead to dramatic new therapies for chronic GI diseases that result in lifelong suffering. Consequently, ICCs are involved not only in physiological GI motility but also in many bowel
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5-HT plays a critical role in coordinating GI motility [18] [19] [20] [21] . In response to intestinal stretching stimulation, 5-HT promotes peristalsis via the activation of intrinsic primary afferent neurons located in the submucous plexus [12, 22, 23] . Of the 5-HT receptors believed to influence GI motility, 5-HT 3 and 5-HT 4 receptors play an important role in the regulation of GI motility [12, [24] [25] [26] . Also, in guinea pig colon, 5-HT receptor was investigated [20] . Furthermore, these receptors mediate peristaltic reflex and existed in nervous systems in the guinea pig distal colon [27] . Liu et al. [13] suggested that 5-HT augments ICC pacemaker activity via 5-HT3 receptors, whereas Shahi et al. [11] suggested that 5-HT can modulate pacemaker activity via 5-HT3, 4, and 7 receptors. On the other hand, Wouters et al. [28] suggested that 5-HT2B receptors regulate the proliferation of ICCs in mouse jejunum. In Korea, poncirus trifoliate (PT) is widely used as a remedy for GI, allergic, and inflammatory diseases [29, 30] . In recent study, Kim et al. [6] suggested that PT exerts its prokinetic activity through a 5-HT 3 and 5-HT 4 receptor-mediated pathway in ICCs in mouse small intestine.
In the present study, Y25130 (a 5-HT 3 receptor antagonist) and RS39604 (a 5-HT 4 receptor antagonist) blocked SCRTinduced membrane depolarizations, whereas SB269970 (a 5-HT 7 receptor antagonist) did not. Thus, it appears that SCRT modulates pacemaker potentials through 5-HT 3 and 5-HT 4 receptors-mediated pathways in the ICCs of mouse small intestine (Figure 2) .
In this study, ICCs generated pacemaker potentials in mouse small intestine. SCRT produced membrane depolarization in current clamp mode. Y25130 (a 5-HT 3 receptor antagonist) and RS39604 (a 5-HT 4 receptor antagonist) blocked MPF-induced membrane depolarizations, whereas SB269970 (a 5-HT 7 receptor antagonist) did not. When GDP--S (1 mM) was in the pipette solution, SCRT did not induce the membrane depolarizations. Also, SCRT increased intracellular Ca 2+ concentrations. To examined whether or not MAPKs are involved in the effects induced by SCRT, we used PD98059 (a p42/44 MAPK inhibitor), SB203580 (a p38 MAPK inhibitor), or c-jun NH2-terminal kinase (JNK) II inhibitor. In the presence of PD98059 (10 M), SCRT did not produce membrane depolarizations. In addition, SB203580 and JNK II inhibitor blocked the depolarizations by SCRT in pacemaker potentials. Furthermore, the membrane depolarizations by SCRT were inhibited not by U-73122, an active phospholipase C (PLC) inhibitors but by U-73343, an inactive PLC inhibitors. These results suggest that SCRT might affect GI motility by the modulation of pacemaker activity through MAPKs and PLC pathways in the ICCs.
We think that SCRT activates PLC pathway ( Figure 5 ) and increases intracellular Ca 2+ levels ( Figure 4 ). Intracellular Ca 2+ increases induce the membrane depolarizations on ICCs and then make ICCs contractions (Figure 7) . However, the exact mechanisms of membrane depolarizations on ICCs should be investigated in future.
The signaling pathways of MAPKs play important roles in the mediation of cellular responses, including visceral smooth muscle contraction. Three principal MAPKs are expressed in various tissues (p42/44, JNK, and p38 MAPK) [31] . Furthermore, it has been demonstrated 5-HT 7 receptors activate MAP kinase in hippocampal neurons [32] and that 5-HT induces cyclooxygenase (COX)-2 by activating MAPK in vascular smooth muscle cells [33] , which show that 5-HT can regulate the MAPK system. In the present study, we do not know whether this SCRT has a role of 5-HT or not. However, in this study, an inhibitor of p42/44 and p38 and a JNK II inhibitor inhibited the effect of SCRT, which suggests that p38, p42/44, and JNK MAPK are involved in the modulation of pacemaker potentials by SCRT.
Taken together, our data suggest that the SCRT have an ability to regulate the pacemaker potentials in ICCs and considering the effects of this drug on the ICC, further research, including finding active compound(s) and examining their action mechanisms, is clearly needed. 
